1. Introduction
===============

Bladder cancer (BC) is a common urinary malignant tumor,^\[[@R1]\]^ characterized by high morbidity and mortality. In 2018 in the United States (US) alone, there were 81,190 newly-diagnosed BC cases, and 17,240 BC-attributable deaths.^\[[@R2]\]^ Approximately 25% of BC patients present with muscle-invasive BC or metastatic disease, while 75% present with non-muscle invasive BC (NMIBC).^\[[@R3]\]^ The proportion of patients with NMIBC is relatively high; however, the high rate of recurrence (70%) in low- and intermediate-risk disease, and the fairly high rate of progression to muscle-invasive disease (30%) in high-risk NMIBC are cause for concern.^\[[@R4]--[@R6]\]^ The majority of BC cases occur in people aged over 60. The main risk factor for BC is increasing age, but smoking and exposure to some industrial chemicals have also been reported as risk factors.^\[[@R7]\]^

Numerous staging systems have been proposed for urinary bladder carcinoma and the most commonly used is the American Joint Committee on Cancer (AJCC) staging system.^\[[@R8]\]^ The eighth edition of the US Joint Commission on Cancer (AJCC) staging manual, has established a tumor node metastasis (TNM) classification system, which indicates increasing understanding of the pathophysiology of BC and applicable treatments. This staging system is currently widely used in making prognostic estimates and treatment decisions in clinical practice.^\[[@R9]\]^ However, there is evidence to suggest that patients with the same pathological grade or clinical staging of BC might still have different prognosis and ultimate survival. This further suggests existence of factors not directly related to the characteristics of BC that might affect patients' prognosis. To predict survival accurately and reliably, the use of nomograms has been proposed. A method based on more refined TNM staging for predicting individualized survival of bladder cancer patients is required, and a nomogram is a good method for this purpose. Nomograms are based on the TNM staging system, and other key prognostic factors associated with patient survival, and have been applied as a layered tool in clinical research on prostate, breast, gastric, and colorectal cancer.^\[[@R10]--[@R13]\]^ Analysis of these nomograms has led to identifying potential survival prognostic factors. Overall, using the c-index, these models are considered to surpass clinical judgment when predicting patient survival.^\[[@R10],[@R14]\]^ Within BC research, previous studies have found potential prognostic factors through the construction of novel nomograms; for example, age, stage, grade,^\[[@R15]\]^ tumor size, lymphovascular invasion, variant histology,^\[[@R16]\]^ genetic variants (smad6, fn1, galectin-9, p53, pRB, p21, p27, and cyclin E1),^\[[@R17]--[@R19]\]^ and hemocyte type (hemoglobin, albumin, lymphocyte, and platelet type) have been identified using this approach.^\[[@R20]\]^ However, to assess accurately the prognosis of BC patients, studies involving a large number of patients, and internal and external validation datasets, are required. To our knowledge, this study is the first attempt to construct a clinical nomogram for bladder cancer survival, using a large database. We further construct a population-based survival-predicting model with internal validations. In addition, we used a TCGA cohort to externally validate the nomogram.

2. Materials and methods
========================

2.1. Patients and study design
------------------------------

We identified BC cases from the Surveillance, Epidemiology, and End Results (SEER) database of the National Cancer Institute (<http://seer.cancer.gov/>) before we signed Research Data Agreement is on file at SEER. We are allowed to utilize the SEER∗Stat client-server system and/or download the files which make up the SEER Research Data. To be included in the study, patients had to have had pathologically-confirmed BC recorded in one of the 18 SEER-covered registries at any point during the database\'s coverage (1973-2015). We extracted data on the patients' age, sex, race, stage (T/N/M), survival time, and mortality. Patients were excluded if any of the data was missing or incomplete. We used an internal verification method to randomly divide our dataset into 2 cohorts (training and a validation cohort at ratio 7:3). In addition, we also extracted data on 130 patients from the Cancer Genome Atlas (TCGA) ([https://portal.gdc.cancer.gov](https://portal.gdc.cancer.gov/)), which is a publicly available database, using as an external validation cohort. The clinical information of BC is publicly available in the SEER and TCGA program, so the approval of local ethics committee was not needed.

2.2. Statistical analysis
-------------------------

First, univariate Cox regression analysis including selected parameters was carried out. Second, independent prognostic factors were identified in multivariate Cox proportional hazards regression analysis. Third, a nomogram based on these prognostic factors was constructed base on the training cohort data.

The Cox proportional hazard regression model was used to estimate the hazard ratio (HR), and the corresponding 95% confidence interval (CI), for each of the potential risk factors. The multivariate Cox regression model was constructed with a nomogram predicting 3- and 5-year BC survival. Validation of the nomogram was performed using the c-index, the area under the receiver operating characteristic curve (AUC), and the calibration curve. The nomogram-predicted survival probability was compared with observed survival probability, calculated with the Kaplan--Meier (KM) method. The c-index was used to estimate the predictive accuracy and discrimination ability of each factor as well as of the overall nomogram: the higher the c-index, the better its prognostic accuracy. The receiver operating characteristics (ROC) curves are similar to the c-index, but are considered less suitable for use with censored data. The calibration curves were used to assess the nomogram-predicted 3- and 5-year survival with the observed 3- and 5-year survival. Patients were divided into high-risk and low-risk with the cut-off value set at the median risk, estimated in the KM analysis. To achieve this, we estimated an optimism-corrected calibration curve with a bootstrapped sample of 1000. Data extraction was performed using the SEER∗Stat software version 8.3.5. Statistical analyses were performed using R software version 3.5.3 ([http://www.r-project.org](http://www.r-project.org/)) with the RMS, survival, and foreign statistical packages. For all of the analyses, a two-tailed *P* value \< .05 was considered statistically significant.

3. Results
==========

3.1. Patient characteristics
----------------------------

Data on a total of 398,173 patients were extracted from the SEER database, according to the screening criteria. Subsequently, data from 332,202 patients were excluded, as they had not been assigned accurate parameters. The final sample included 65,971 patients in the entire cohort (Table [1](#T1){ref-type="table"}). Subsequently, the cohort was divided and a total of 46,179 (70%) patients were included in the training cohort, while 19,792 (30%) patients were included in the internal validation cohort. The external validation cohort included 130 patients from the TCGA (Table [2](#T2){ref-type="table"}). The clinicopathological characteristics of the training and validation cohorts are shown in Table [1](#T1){ref-type="table"}. The median survival time for BC patients in this sample was 38 months, with the specific 3- and 5-year survival rates at 52% and 13%, respectively (Fig. [1](#F1){ref-type="fig"}) in the SEER cohort.
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Characteristics of 65,971 patients with Bladder Cancer in SEER.
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Characteristics of 130 patients with Bladder Cancer in TCGA.
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3.2. Independent bladder cancer survival prognostic factors
-----------------------------------------------------------

Univariate Cox regression analysis of the training cohort revealed a role of the following parameters in predicting patient survival. Factors such as age, sex, race, stage_T1, stage_T2a, stage_T2b, stage\_ T2NOS, stage\_ T3a, stage_T3b, stage_T3NOS, stage_T4a, stage_Ta, stage_Tis, stage \_TX, stage_N, stage_M were associated with patients' prognosis. Among these factors, stage_T (c-index = 0.729) and age (c-index = 0.645) each had superior discrimination power in predicting BC survival compared with other factors. The results of multivariate analyses, with stepwise models including risk factors identified as significant in univariate analysis, showed that age, sex, race, stage_T1, stage_T2a, stage_T2b, stage_T3a, stage_Ta, stage_Tis, stage_N, and stage_M were independent predictors of BC survival (Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}). These factors were subsequently included in the predictive model. In the analysis of the TCGA data used for external validation, only lymph node metastasis was associated with survival (Table [5](#T5){ref-type="table"}).
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Overall survival stratified by clinical characteristics and univariate Cox proportional hazard analyses for patients with Bladder Cancer.
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Multivariate Cox proportional hazard analyses of clinical characteristics for overall survival rates in patients with Bladder Cancer.
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Multivariate Cox proportional hazard analyses of clinical characteristics for overall survival rates in TCGA cohort.
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3.3. Prognostic nomogram for OS
-------------------------------

Predictive models with nomograms integrating all factors affecting survival in the training cohort are shown in Figure [2](#F2){ref-type="fig"}. Each prognostic parameter was assigned a score according to its prognostic value; the sum total of the scores was used to predict 3- and 5-year survival. The total score for all the variables was converted into an estimate of the probability of death. The c-index of the prognostic nomogram for overall survival prediction was 0.7916 (95% CI, 0.79--0.80) in the training cohort, and 0.7917 (95% CI, 0.79--0.80) in the internal validation cohort. The validation set was superior to the training set, indicating the robustness of the model. The AUCs for the 3- and 5-year survival were 0.82 and 0.813, respectively, in training cohort (Fig. [3](#F3){ref-type="fig"}A, B). The AUC combined with the c-index reflected good discrimination ability of the model. The calibration curves estimating survival probability at 3 and 5 years showed excellent agreement between the nomogram-predicted and observed values (Fig. [4](#F4){ref-type="fig"}A, B). When patients were divided into high-risk and low-risk groups, with median risk used as the cutoff point, the survival curves showed significant differences in prognosis. The 3- and 5-year survival rates for the low-risk group were 85% and 80%, respectively; the same outcomes for the high-risk group were 45% and 35%, respectively (Fig. [5](#F5){ref-type="fig"}A). Age was strongly predictive of BC survival (Fig. [5](#F5){ref-type="fig"}B), as was race (Fig. [5](#F5){ref-type="fig"}C). The 3- and 5-year survival rate for men and women with BC was comparable (Fig. [5](#F5){ref-type="fig"}D). Lymph node metastasis and the number of the lymph nodes affected as well as the number of distant metastases were also key factors in 3- and 5-year survival outcomes.
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![The calibration curves for predicting patient survival at (A) 3-year and (B) 5-year in the train cohort. Nomogram-predicted survival is plotted on the x-axis, and the actual survival is plotted on the y-axis.](medi-98-e17725-g009){#F4}
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3.4. Validation of the nomogram\'s predictive accuracy
------------------------------------------------------

In the internal validation cohort, the c-index of the prognostic nomogram for overall survival was 0.7917, which was slightly higher compared to the training cohort (0.7916), suggesting high discrimination ability of the model. The c-index of the external validation cohort was 0.724 (95% CI, 0.66--0.79). The AUCs, an indicator of a model\'s discrimination ability, were 0.815 and 0.803 for the 3- and 5-year survival, respectively, in the internal validation cohort (Fig. [6](#F6){ref-type="fig"}A, B). The calibration plots showed excellent agreement between the internal and external validation cohorts (Fig. [7](#F7){ref-type="fig"} A--D). The c-index for the TNM-based model was superior to that for the AJCC-TNM classification-based model Whether it\'s the SEER training cohort (TNM-based model: 0.7916, 95% CI, 0.79--0.80 vs AJCC-TNM:0.739, 95% CI, 0.73--0.74) (see Table 1, Supplemental Content, which illustrates the c-index for the TNM-based model in SEER) (see Table 2, Supplemental Content, which illustrates the c-index for the AJCC-TNM classification-based model in SEER) or in the TCGA cohort (TNM-based model: 0.724, 95% CI, 0.66--0.79 vs AJCC-TNM: 0.689, 95% CI, 0.61--0.77) (see Table 3, Supplemental Content, which illustrates the c-index for the TNM-based model in TCGA cohort)(see Table 4, Supplemental Content, which illustrates the c-index for the AJCC-TNM classification-based model in TCGA cohort).
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![The calibration curves for predicting patient survival at (A) 3-year and (B) 5-year in internal validation cohort, and at (C) 3-year and (D) 5-year in external cohort. Nomogram-predicted survival is plotted on the x-axis, and the actual survival is plotted on the y-axis.](medi-98-e17725-g012){#F7}

![The calibration curves for predicting patient survival at (A) 3-year and (B) 5-year in internal validation cohort, and at (C) 3-year and (D) 5-year in external cohort. Nomogram-predicted survival is plotted on the x-axis, and the actual survival is plotted on the y-axis.](medi-98-e17725-g013){#F8}

4. Discussion
=============

Urothelial carcinoma of the urinary bladder is a heterogeneous disease with multiple possible treatment modalities and a wide spectrum of clinical outcomes. Nomograms are considered a reliable graphical calculation model that combines all risk factors for tumor occurrence and have been used to predict individual risks of particular events.^\[[@R21],[@R22]\]^ A tool that accurately evaluates the likelihood of metastatic progression, cancer-specific complications and mortality as well as long-term quality of life is important in patient counseling and decision-making.

The model presented in this study was based on more than 60,000 patients from the SEER database and 130 patients in TCGA database. In this retrospective study, we evaluated the clinicopathological parameters of BC and independent prognostic factors that might have affected survival of patients included in the SEER database. We showed that age, sex, race and stage_T1, stage\_ T2a, stage_T2b, stage_T3a, stage_Ta, stage_Tis, stage_N, stage_M were independent prognostic factors. In addition, in multivariable analyses, we demonstrated that older age as well as more advanced T and N stages were independently associated with lower overall survival in BC.

Given these independent prognostic factors, we constructed a novel nomogram that combined TNM staging with some clinical parameters. The nomogram illustrated that age, the T stage, and M stage are the most significant contributors to prognosis, while gender and the N stage showed limited impact on outcomes. In addition, over the age of 60 years, for every 10 years of age, the risk of mortality increased multifold. The multivariate analysis revealed that age was the main determinant of a high-risk prognosis, followed by distant and lymph node metastases, and tumor invasion of the abdominal and pelvic wall. Nevertheless, age remains the most significant risk factor for BC mortality, as most BC cases occur among people over 60 years old. Other risk factors, such as smoking and exposure to some industrial chemicals, which have been shown to increase BC risk, should be accounted for in patient assessment. Our nomogram revealed an unexpected finding; in this study, some of the stage_T (T3b, T4a, T4b) sub-categories were not independent prognostic factors.

The TNM staging systems are commonly used for predicting patient prognosis. However, even in patients with the same stage of BC, there might be significant differences in prognosis and survival. In the present study, we developed a pictogram that predicts the overall survival. We observed that the c-index for the TNM-based model was superior to that for the AJCC-TNM classification (SEER training cohort: 0.7916 vs 0.739, *P* \< .05; TCGA cohort: 0.724 vs 0.69, *P* \< .05). The findings presented in this study demonstrate the differences in the clinical value of the distinct risk evaluation systems, TNM- and AJCC-TNM-based systems, in estimating overall survival in BC patients. Moreover, the nomogram based on the TNM staging system was more effective in predicting patients' survival.

Meanwhile, the c-index for the TNM-based model in the validation cohort was slightly higher than for the internal training cohort based on high level score (training cohort 0.7916 vs internal validation cohort 0.7917), indicating that the nomogram we constructed was robust and accurate. The c-index for the external cohort was 0.724 (95% CI, 0.66--0.79). Although the c-index for the external validation cohort was not higher than the c-index for the training cohort (0.724), it was sufficient to confirm the stability and reliability of the prognostic model.

Calibration plots demonstrated excellent agreement between the nomogram-predicted and observed survival, which confirmed the validity and reliability of the novel nomogram. In addition, the survival curves showed that although the median survival time was 38 months, most patients did not survive beyond that point.

Regarding specific TNM stages, we found that Ta, Tis, and T1 stages were significant predictors of the overall survival compared to the other T-staging indicators. In clinical practice, BC at any of these three stages is referred to as non-muscular invasive bladder cancer (NMIBC). This suggests that NMIBC might be an independent prognostic factor of BC survival.

In addition, we divided our sample into risk levels based on median risk values derived from the KM curve analysis. Such fine-level grouping can support clinicians in assessing distinct prognoses for seemingly similar patients.

To the best of the authors' knowledge, this is the first nomogram derived based on a large dataset. The data used originated from the SEER database, ensuring the validity and reliability of our conclusions, as well as the internal and external validity of the nomogram, which offers an improvement in predictive accuracy over previously established models. To verify the value and prevent over-fitting of the present model, it was necessary to verify the novel nomogram.^\[[@R23]--[@R25]\]^ We have verified the predictive value of the model by using internal and external validation cohorts.

This study used the SEER and TCGA datasets; several similarities and differences between the TCGA and SEER data were observed. More than half of the patients with BC in the SEER database (60.2%) were over 70 years old, while there were slightly fewer patients in this age group in the TCGA database (49.9%). Men were three times as likely to have BC compared to women (SEER F:M ratio: 23.4% vs 76.5%; TCGA F:M ratio: 20.7% vs 79.2%). As previously reported, the incidence of bladder cancer in men is three to four times higher than in women. Seven percent of all new cancer cases were men, but only women include 2% of new cases of the cancer.^\[[@R26]\]^ This is consistent with our findings. Most patients included in the SEER database were BC stage_Ta (45.4%). In contrast, in the TCGA database, most patients had BC stage_T3b (29.2%). However, T-stage classification was the strongest predictor of survival in our study, as reported by a cohort study based on the international Cancer Database.^\[[@R27]\]^ Given that this was retrospective analysis, the time coverage of the SEER database might have resulted in selection bias.

We used the TCGA database for external validation, as an independent validation cohort is required to confirm the validity and reliability of a nomogram. The c-index of the external cohort was 0.724 (95% CI, 0.66--0.79), while the AUCs, another indicator of discrimination ability, were 0.815 and 0.803, for the 3- and 5-year survival, respectively. Moreover, calibration plots showed excellent agreement with the external validation cohort. Using external validation data provides additional evidence of the reliability, accuracy, and validity of our model. This notwithstanding, the TCGA database does not contain details on clinical diversity factors, such as tumor metastasis sites, tumor size, or surgical methods used during patient treatment. As we were not able to account for these potentially relevant factors, our model might be missing potentially relevant variables that could further improve its predictive value. The Surveillance, Epidemiology, and End Results (SEER) database has been chosen in the current analysis given its high quality as well as large suitable cohort sizes. However, the SEER database is a retrospectively rather than a prospectively maintained resource, which might have biased our analysis or affected it in ways that we were not able to adjust for. At the time of writing, there are prospective, randomized studies underway, which aim to verify the validity and reliability of models predicting overall cancer survival. These studies use sophisticated data modeling, accounting for biochemical and immunological factors, such as tumor markers and genetic variants. However, until these results become available, no additional prognostic factors can be included in the nomogram.

It is worth noting that our model is based on the SEER database, which includes different races, further supporting the potential application of our nomogram to international populations. One of the key advantages of the proposed nomogram is the involvement of parameters that are easy to access and assess, meaning the model can be used in clinical practice without the burden of costs associated with complex tests, for example, tumor markers. Considering the size of the study population, these potential classification factors are unlikely to affect our conclusions. However, this nomogram was based on a retrospective study design; prospective clinical trials are needed to further validate this model.

Despite these limitations, the models presented in this study might be suitable for clinical use, supporting individualized assessment of expected survival in BC patients. They might also be used as a layered tool for clinical research, and evidence for development of interventions aimed at improving the overall survival.
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